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INTRODUCTION
There have been several efforts to produce various information visualization taxonomies [Shneiderman96, Chi97, North98, CMS99] . In this paper, we will present a detailed analysis of a large number of visualization techniques using the Data State Model. The contribution is that our analysis of the information visualization design space is the most detailed and thorough to date. It is more detailed in the sense that we have broken each technique down by not only its data type, but also by its processing operating steps. It is thorough in that it categorizes the well-known techniques in [Chi97] , [Olive99] , and [CMS99] .
RELATED WORK
Most previous work focused on constructing taxonomies of information visualization techniques uses a data-centric point of view. In an article describing the design space of information visualization techniques, Card and Mackinlay started constructing a data-oriented taxonomy [Card97] , which is subsequently expanded in [CMS99] . This taxonomy divides the field of visualization into several subcategories: Scientific Visualization, GIS, Multi-dimensional Plots, Multi-dimensional Tables, Information Landscapes and Spaces, Node and Link, Trees, and Text Transforms. OLIVE is a taxonomy assembled by students in Shneiderman's information visualization class [Olive99] , and divides information visualization techniques using eight visual data types: temporal, 1D, 2D, 3D, multi-D, Tree, Network, and Workspace.
Previously, we also proposed a taxonomy of information visualization techniques based not only on data types, but also on the processing operators that are inherent in each visualization technique [Chi98] . Elaborated in [Chi99] , we showed that information visualization techniques could be described using the Information Visualization Data State Reference Model (or simply Data State Model). Figure 1 shows an overview of the Data State Model [Chi98] Proceedings of the IEEE Symposium on Information Visualization 2000 (InfoVis'00) 0-7695-0804-9/00 $10.00 @ 2000 IEEE
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DISCUSSION
The contribution of this taxonomy is that we have made another step toward understanding the design space of visualization techniques by extracting the crucial operating steps in each technique. Using example data domains for each technique, we described the operators that are possible. We also illustrated the power of the Data State Model by applying it to the design of many well-known visualization techniques. For both researchers and implementers, this analysis shows how each of these visualization techniques would be broken down and implemented in the Data State Model and how it could be used in a visualization system. We encourage the reader to examine the taxonomy in detail to explore the similarities between certain visualization techniques. We facilitate this analysis by grouping the techniques into several data domains.
For each of the visualization techniques, the results of the analysis help us classify and choose how to implement the different operators in a large visualization system.
For example, many hierarchical techniques share similar operating steps that can be standardized in a system. Implementers may take advantage of these similarities. As another example, the taxonomy also points out that there are many systems that use graphs or multi-dimensional point sets as the primary Analytical Abstraction. Systems could be built to take advantage of this similarity, so that the techniques can be applied more broadly to many problem domains.
For implementers, the taxonomy also directly specifies the sequential ordering of operators that are possible in a given visualization technique. In this way, it specifies the system module dependencies that are induced between the operators. Knowing these dependencies enables implementers to better organize their system for modularity. For example, we have shown that this technique enables rapid development of new visualizations in the Visualization Spreadsheet system [Chi97] . Many techniques were implemented in hours rather than in days, because we realized the reusability of modules by identifying the module dependencies.
We chose the techniques based on their familiarity to the information visualization community and their relevance to information visualization systems. This set of techniques spans a range of visualization design space, as it is based on previous efforts on taxonomies of information visualization design space. In looking at each of the visualization techniques, we first determine the raw data, and how it is obtained in the system. We then construct the visualization pipeline according to the description of each of the techniques in the literature 1 .
As the visualization field grows to include more new techniques, this taxonomy will obviously change.
Future work will include taking the taxonomy and making more meta-analysis of the similarities and differences between the operators in different data domains. Given that the nature of the problem solving tasks, the Data State Model should remain a valuable tool in the analysis of the visualization design space. This is because the Data State Model helps categorization and taxonomization, which expose the dependencies between visualization modules and the similarities and differences among visualization techniques.
